Introduction ! Endoscopic submucosal dissection (ESD), which enables reliable en bloc resection of early gastric cancer, has been developed in Japan and some other countries [1] . ESD is currently a standard treatment for early gastric cancer in Japan, particularly differentiated mucosal cancers with a low risk for lymph node metastasis [2] . Because ESD without nerve resection and lymph node dissection can preserve the normal anatomy of the stomach, various complications related to conventional gastrectomy, including delayed gastric emptying, are avoided. However, some patients experience abdominal distension and loss of appetite [3] and have a large amount of food residue in the stomach even after ESD. Higuchi et al. reported preserved gastric emptying 8 weeks after ESD [4] , whereas Uehara et al. reported delayed gastric emptying 6 to 8 days after ESD [3] . Thus, it is controversial whether ESD induces delayed gastric emptying. Moreover, no reports have tracked the change in gastric emptying from before ESD through several weeks after ESD. The aims of this study were to compare gastric empty-ing before ESD with gastric emptying at 1 and 8 weeks after ESD and to identify the factors that influence gastric emptying.
Methods

!
Patients
In total, 54 patients with early gastric cancer who underwent ESD at Fukushima Medical University Hospital between October 2010 and January 2013 were enrolled in this study. Indications for ESD to treat early gastric cancer included the following: (i) differentiated intramucosal cancer without ulceration; (ii) differentiated intramucosal cancer 3 cm or less in size with ulceration; and (iii) undifferentiated intramucosal cancer 2 cm or less in size without ulceration. Other inclusion criteria were age between 20 and 80 years, performance status grade of 0, and the provision of consent to undergo ESD and a breath test. Patients were excluded from the study if they were younger than 20 or older than 80 years of age; had a performance status grade of 1 or higher; had a previous history of esophageal/gastric surgery or endo- Background: Gastric emptying after endoscopic submucosal dissection (ESD) for early gastric cancer is not clear. The aim of this study was to evaluate changes in gastric emptying from before ESD to 8 weeks after ESD. Methods: In total, 54 patients with early gastric cancer were enrolled in this study. A breath test with carbon 13 ( 13 C) was conducted before ESD and at 1 and 8 weeks after ESD. The T lag and T 1/2 values were analyzed at each time point. The primary outcomes were the changes in the T lag and T 1/2 values from before ESD to 1 and 8 weeks after ESD. The secondary outcomes were the factors associated with the changes in the T lag and T 1/2 values.
Results: Gastric emptying was delayed at 1 and 8 weeks after ESD compared with before ESD (T lag P= 0.002, P < 0.001; T 1/2 P = 0.005, P = 0.001, respectively). The changes in the T lag and T 1/2 values from before ESD to 1 week after ESD were greater for proximal stomach lesions than for distal stomach lesions (P = 0.028, P < 0.001). Proximal stomach lesions were identified as the significant factor that influenced changes in the T lag and T 1/2 values from before ESD to 1 week after ESD in the multivariate analyses (T lag P = 0.003, T 1/2 P = 0.005). Conclusions: ESD induced delayed gastric emptying until 8 weeks after ESD. Proximal stomach lesions were also associated with decreased emptying 1 week after ESD. scopic treatment; had a severe hepatic, renal, cardiovascular, or respiratory disorder; had dementia; had synchronous multiple lesions of gastric cancer; were unable to stop taking a prokinetic agent or a proton pump inhibitor (PPI) before ESD; or did not agree to undergo ESD. This study was conducted with the approval of the Fukushima Medical University Ethics Committee (approval No. 763) and was registered in the University Hospital Medical Information Network (UMIN) as No. UMIN000011523. All of the patients provided written consent to participate in the study.
Endoscopic submucosal dissection
ESD was performed with a DualKnife (KD-650L; Olympus, Tokyo, Japan) or an IT Knife2 (KD-611L; Olympus). For the submucosal injection, a 1:1 solution of 0.4 % sodium hyaluronate (MucoUp; Johnson & Johnson K. K., Tokyo, Japan) and glycerol (Chugai Pharmaceutical Co. Ltd., Tokyo, Japan) was injected into the submucosa with a 25-gauge injection needle (Impact Flow; TOP Corp., Tokyo, Japan). Hemostatic forceps (FD410LR Coagrasper; Olympus) were used for the prophylactic coagulation of blood vessels and hemostasis for intraoperative bleeding. The VIO 300 D or ICC 200 (ERBE Elektromedizin, Tübingen, Germany) was used as a highfrequency generator.
Gastric emptying
A breath test with 13 C-labeled acetic acid was performed to evaluate gastric emptying before and after ESD. A 200-kcal/200-mL liquid meal (Racol; Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan) was used for the test. Patients fasted overnight for at least 10 hours and underwent the test the following morning. Each patient was instructed to consume a liquid meal containing 100 mg of 13 C-labeled acetic acid and to exhale into a collection bag at 5, 10, 15, 20, 30, 40, 50, 60, 75, 90, 105, and 120 minutes after ingestion. The concentration of 13 CO 2 in the exhaled breath was measured with an infrared spectrometer (POCone; Otsuka Electronics Co., Ltd., Osaka, Japan). The T lag and T 1/2 values, as proposed by Ghoos et al. [5] , were calculated from the 13 CO 2 concentration in the exhaled breath with the Solver function of Excel 2010 (Microsoft; Redmond, Washington, USA) and were used as measures of gastric emptying. The T lag value represents the time at which the 13 CO 2 discharge rate reaches the maximum, and the T 1/2 value represents the time required to discharge 50 % of the total cumulative 13 CO 2 discharge volume. The largest values of T lag and T 1/2 indicate delayed gastric emptying.
Study protocol
Each patient underwent 3 breath test sessions the day before and at 1 and 8 weeks after ESD. Artificial ulcers after ESD were in the active and healing stages at 1 and 8 weeks after ESD, respectively [6] . All of the prokinetic agents and PPIs were discontinued more than 1 week before ESD. The oral administration of 20 mg of rabeprazole (Pariet; Eisai Co., Ltd., Tokyo, Japan) began on the day of ESD and continued for the subsequent 8 weeks. Oral food intake was suspended from the day of ESD until 3 days after ESD. Endoscopy was performed after ESD to evaluate the grade of artificial ulcer at 1 and 8 weeks after ESD and on the same day as the breath test after breath sampling. The primary outcomes were changes in the T lag and T 1/2 values from before ESD to 1 and 8 weeks after ESD. The secondary outcomes were the patients' symptoms at 1 and 8 weeks following ESD, the food residue in the stomach identified by endoscopy at 1 and 8 weeks after ESD, and the factors associated with changes in the T lag and T 1/2 values. The changes in the T lag and T 1/2 values were expressed as the differences between the values before ESD and the values at 1 and 8 weeks after ESD. The lesion location was classified as the "proximal stomach" or the "distal stomach." The proximal stomach was defined as the upper or middle region of the stomach, and the distal stomach was defined as the lower region of the stomach, according to the Japanese Classification of Gastric Carcinoma [7] . The circumferential lesion distribution was classified as "lesser curvature" or "greater curvature." Lesions in the anterior and posterior walls were classified according to whether post-ESD ulcers were located on the lesser or greater curvature. The presence of Helicobacter pylori infection was determined by the serum anti-H. pylori immunoglobulin G (IgG) antibody titer (Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan), and a titer of 10 U/mL or greater was considered to be a positive result.
Statistical analysis
The T lag and T 1/2 data are reported as median (interquartile range). Changes in the T lag and T 1/2 values from before ESD to 1 and 8 weeks after ESD were analyzed with Wilcoxon's signed rank test. The significance of factors associated with changes in T lag and T 1/2 values from before to after ESD was tested with the Mann-Whitney U test, Spearman's rank correlation coefficient (rs), and single and multiple regression analyses. Differences were considered to be statistically significant at a P value below 0.05. Standardized regression coefficients were reported as β, and a larger β value indicated a greater influence on gastric emptying. Factors that were determined to be significant by single regression analysis, or those that were expected to have a clinical impact, were analyzed by multiple regression analyses. These were performed with IBM SPSS Statistics for Windows, Version 21 (IBM Corp., Armonk, New York, USA).
Results
!
Patient characteristics and outcomes of endoscopic submucosal dissection
The characteristics of the patients enrolled in the study and the ESD treatment outcomes are summarized in• " Table 1 . The study population consisted of 34 male and 20 female patients whose mean age was 68.9 years. The mean diameter of the resected specimens was 43.5 mm. Lesions were located in the proximal stomach in 31 patients and in the distal stomach in 23 patients. No lesion examined in this study extended to the esophagogastric junction or the pyloric ring. A total of 32 patients had a positive anti-H. pylori IgG antibody test. Of the 22 patients with a negative antibody test, 3 had undergone successful eradication therapy. However, all of the patients had atrophic gastritis on endoscopy. ESD enabled the en bloc resection of lesions in all of the patients, including 48 patients with mucosal invasion and 6 with submucosal invasion. None of the patients experienced severe complications during or after ESD. According to the Sakita-Miwa classification [8] , the status of the post-ESD ulcers at 8 weeks following ESD was "scarring stage" in 36 patients and "healing stage" in 18 patients. There were 9 patients (16.7 %) who experienced mild abdominal distension or mild abdominal discomfort 1 week after ESD. Only 1 patient (1.9 %) reported mild abdominal distension 8 weeks after ESD. Food residues in the stomach were found in 4 patients (7.4 %) at endoscopy conducted 1 week after ESD. Food residues were observed in 2 patients (3.7 %) 8 weeks after ESD.
Gastric emptying
The median T lag values before, at 1 week after, and at 8 weeks after ESD were 1.03 (interquartile range [IQR] 0.92 -1.20), 1.09 (IQR 1.00 -1.26), and 1.10 (IQR 1.01 -1.32) hours, respectively, which indicated delayed emptying at 1 and 8 weeks after ESD compared with emptying before ESD (P = 0.002 and P < 0.001, respectively). No significant difference was observed between the 1-and 8-week post-ESD T lag values (• " Fig. 1 a) . The corresponding median T 1/2 values were 1.58 (IQR 1.43 -1.82), 1.73 (IQR 1.50 -2.11), and 1.75 (IQR 1.58 -2.03) hours, respectively, which again indicated delayed emptying at 1 and 8 weeks after ESD compared with emptying before ESD (P = 0.005 and P = 0.001, respectively), and there was no significant difference between the T 1/2 values at 1 and 8 weeks after ESD (• " Fig. 1 b) . Age, gender, body height and weight, body mass index, medical history of diabetes mellitus, history of gastric ulcer, procedure duration, depth of tumor invasion, circumferential lesion distribution, and the presence of an ulcer under the tumor were not correlated with the changes in the T lag and T 1/2 values at 1 and 8 weeks after ESD compared with those before ESD, whereas the diameter of the resected specimen was weakly correlated with the changes in the T 1/2 value (rs = 0.29, P = 0.04) but not in the T lag value at 1 week after ESD compared with the values before ESD. No correlation was observed between the diameter of the resected specimen and the change in gastric emptying from before to 8 weeks after ESD. The state of post-ESD ulcer was not correlated with the change in either T lag or T 1/2 at 8 weeks after ESD. Proximal stomach lesions were associated with greater changes in T lag and T 1/2 at 1 week after ESD compared with before ESD, which indicated a greater decrease in gastric emptying (P = 0.028 and P < 0.001, respectively) (• " Fig. 2 ), whereas no significant difference was observed between the proximal and distal stomach lesions with respect to changes in gastric emptying before ESD and at 8 weeks after ESD (• " Fig. 3) . The presence of symptoms and food residues in the stomach after ESD were not correlated with the changes in the T lag and T 1/2 values at 1 and 8 weeks after ESD compared with those before ESD. Diameter of resected specimens, mean ± SD, mm 43.5 ± 16.5
Size of resected specimens, mean ± SD, mm 2 1603.9 ± 1237.9
Lesion location (proximal/distal), n 31/23
Circumferential lesion distribution (lesser/greater), ncurvature) cccc curvat) curve) 40/14
Depth of tumor invasion (mucosal/submucosal), n 48/6
Ulcer finding under tumor (absent/present), n 49/5
Procedure duration, mean ± SD, min 92.1 ± 76. In the single regression analysis, proximal stomach lesions were identified as the only significant factor influencing the changes in the T lag and T 1/2 values from before to 1 week after ESD (P = 0.018 and P = 0.003, respectively) (• " Table 2 ). Multiple regression analysis also identified proximal stomach lesions as the only significant factor influencing the changes in T lag and T 1/2 values from before to 1 week after ESD (P = 0.033 and P = 0.005, respectively) (• " Table 2 ). No factor was identified as influencing the changes in T lag and T 1/2 values from before to 8 weeks after ESD based on either single or multiple regression analysis (• " Table 3 ).
Discussion
!
This study found that delayed gastric emptying occurred 1 week after ESD and continued until 8 weeks after ESD. In addition, proximal stomach lesions were identified as being associated with delayed gastric emptying 1 week after ESD. Scintigraphy has traditionally been considered the gold standard for evaluating gastric emptying [9] . However, scintigraphy has been associated with problems such as exposure to radiation, high cost, and lengthy test time. In contrast, the T lag and T 1/2 values can be easily and repeatedly measured with a 13 C breath test in a minimally invasive technique, and the results correlate with scintigraphy findings [5, 9] . We therefore used this method to evaluate gastric emptying in our study. Gastric emptying is reduced in patients with gastric ulcers [10 -12] . As in our study, delayed gastric emptying after endoscopic treatment was reported by Kawamura et al. at 4 days after endoscopic mucosal resection [13] and by Uehara et al. at 6 to 8 days after ESD [3] . Higuchi et al. reported preserved gastric emptying at 8 weeks after ESD [4] . Therefore, at 8 weeks after ESD, the results of the current study were different from those of the study reported by Higuchi et al. The reason for this difference could be explained by the smaller sample size and smaller size of the resected specimens in their study compared with the current study.
Delayed mobility in gastrointestinal disorders has been associated with reduced contraction of inflamed smooth muscles, which is caused by Th1 and Th2 cytokines [14] . Thus, the delayed gastric emptying 1 week after ESD was likely due to inflammatory changes induced by artificial ulceration. Additionally, previous Fig. 3 Relationship between changes in the T lag (a) and T 1/2 (b) values from before endoscopic submucosal dissection (ESD) to 8 weeks after ESD and the lesion locations. No significant differences were observed between proximal and distal stomach lesions with respect to changes in the T lag and T 1/2 values from before ESD to 8 weeks after ESD (Mann-Whitney U test). Table 2 Single regression analysis and multiple regression analysis of factors associated with the changes in T lag and T 1/2 from before to 1 week after endoscopic submucosal dissection.
Single regression analysis
Multiple regression analysis studies have reported that ghrelin accelerates gastric emptying [15, 16] . Ghrelin is a gastrointestinal hormone secreted mainly from the gastric mucosa. Therefore, the delayed gastric emptying 1 week after ESD was likely due to inflammatory changes induced by artificial ulceration and decreased ghrelin secretion resulting from mucosal resection. The lesion location was associated with delayed gastric emptying 1 week after ESD, with a greater decrease noted after ESD for lesions in the proximal stomach than for those in the distal stomach. The most likely reason for this result may be the difference in emptying function between the proximal and distal stomach. The proximal stomach relaxes in an isobaric fashion to store food and then gradually increases the inner pressure by increasing the wall tension to push food to the distal stomach. Conversely, the distal stomach mixes gastric acid and food mass via periodic peristalsis to promote digestion, and then it breaks down solid food into 1-to 2-mm pieces and pushes them out through the pylorus [17] . However, controversy remains regarding the association between peptic ulcer location and the degree of alteration in emptying function [10, 18 -21] . It is not appropriate to conclude that post-ESD ulcers that form in the proximal stomach are more likely to affect gastric emptying because of the functional difference between the proximal and distal stomach. Another possible explanation is the difference in wall thickness between the proximal and distal stomach. Excessive electrocauterization during ESD can cause delayed perforation [22] . Similarly, a post-ESD artificial ulcer, unlike a peptic ulcer, is accompanied by smooth muscle injury caused by electrocauterization. The submucosa and muscularis propria are thinner in the proximal stomach than in the distal stomach, and the proximal stomach is thus more vulnerable to injury and a subsequent decrease in emptying function. Another unclarified issue is the reason for the sustained decrease in gastric emptying that lasted until 8 weeks after ESD, when the ulcer was thought to be in the healing stage. Although one possible explanation might be the sustained damage to the smooth muscle caused by ESD, the absence of a location-related difference in decreased emptying 8 weeks after ESD suggests a mechanism altogether different from the functional decrease noted 1 week after ESD. Although gastric emptying in patients with gastric ulcers improves as the healing process proceeds [18, 19] , some reports have suggested that the emptying function of patients with recurrent gastric ulcers remains decreased even during the healing stage [23, 24] . A post-ESD ulcer covers a relatively large area and can result in severe fibrosis and morphological changes in the stomach wall. Such changes, similar to those observed in patients with recurrent gastric ulcers, may have been responsible for the sustained decrease in emptying function that lasted until 8 weeks after ESD. In the current study, 16.7 % of the patients experienced mild abdominal distension or discomfort 1 week after ESD. Nevertheless, delayed gastric emptying continued until 8 weeks after ESD. The proportion of patients who reported abdominal distension decreased to 1.9 % by 8 weeks after ESD. Furthermore, symptoms and food residues in the stomach after ESD were not correlated with the changes in gastric emptying in this study. Delayed gastric emptying after ESD might be latent in almost all cases. Moreover, the abdominal symptoms after ESD might be associated with multiple factors, such as abdominal pain associated with a post-ESD artificial ulcer, physiological factors, and gastric emptying. Therefore, the symptoms might decrease over time, unlike the delay in gastric emptying. Metachronous recurrences after ESD have recently become an important difficulty [25] . Because repeated ESD procedures for metachronous tumors might cause more severe fibrosis and a greater number of morphological changes in the stomach wall, delayed gastric emptying after repeated ESD procedures for metachronous tumors might induce a greater delay in gastric emptying and more severe symptoms than those of the patients examined in the present study. Prokinetic agents might be effective for patients who have symptoms or undergo repeated ESD procedures. Additional studies must be conducted to elucidate these points. PPIs are effective in preventing bleeding after ESD [26] and thus were orally administered to the patients in this study from the day of ESD until 8 weeks after the procedure. Some investigators Table 3 Single regression analysis and multiple regression analysis of factors associated with the changes in T lag and T 1/2 from before to 8 weeks after endoscopic submucosal dissection.
Multiple regression analysis Original article E601 THIEME have reported that PPIs do not affect the gastric emptying function [17, 27, 28] , whereas others have reported that these drugs negatively affect the emptying function [17, 29, 30] . The use of PPIs may have been responsible for the decreased gastric emptying observed in the present study. However, it should be noted that all of the patients had underlying atrophic gastritis and likely had reduced gastric acid secretion at baseline. Therefore, the patients were likely to be less responsive to the effect of PPIs. This study has several limitations. First, a liquid meal was used for the test. Unlike a liquid, solid food must be broken down into pieces 2 mm or smaller in the gastric antrum [17] , and the discharge from solid food is more influenced by antral function. Therefore, future studies should use solid food in a similar study procedure because doing so might yield different results regarding the association between lesion location and the degree of decrease in emptying function. Second, the observation period was 8 weeks after ESD, which corresponds to the healing stage of an ulcer. Further investigations are needed to determine the changes in gastric emptying over a longer period of time. Finally, the precise mechanisms of delayed gastric emptying remain unclear. Additional studies are needed to prove physiological or histological mechanisms.
In conclusion, the present study is significant because it demonstrates delayed gastric emptying at both 1 and 8 weeks after gastric ESD. Proximal stomach lesions were identified as being associated with delayed gastric emptying 1 week after ESD. Future studies should examine changes in gastric emptying function following ESD over a longer period of time.
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